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The aim of this paper is to reveal the deep relationship between matter and vacuum, and to seek for the same
physical basis of the relativity and the quantum mechanics. In doing this, three postulates of vacuum fluctuation
are proposed first, the basic premises of the relativity and the quantum mechanics including the velocity limit,
the energy-frequency relation and the de Broglie wavelength expression of any matter particles are deduced
then. As applications, the idea is used to analyze the Compton effect and the electron-positron annihilation. It is
found that the calculation becomes simple, and the physical meaning gets clear. The simplicity comes from the
power of the three postulates. To illustrate this, the basic conclusions of the special theory of relativity such as
the relations of mass-velocity, mass-energy, energy-momentum, time dilation and length contraction are further
deduced. In addition, the significance of the investigation of vacuum fluctuation in the unification of the physical
theories is pointed out.
PACS numbers: 03.65.-w, 42.50.Lc, 03.30.+p
I. INTRODUCTION
The theory of relativity and the quantum mechanics are the
two bases of the twentieth century physics which has achieved
great success and made strong impact on many other fields.
Since the two theories have been tested widely in practice,
there is no doubt about their correctness. Yet, they are not
the ultimate theories. As we know that, the two theories an-
swered only the question “how” rather than “why”. For exam-
ple, the theory of relativity pointed out only that the velocity
of light in vacuum is a maximum and a constant, without giv-
ing its reason; and the quantum mechanics described only the
probability of microcosmic particles, but not its mechanism.
Besides, there is only a calculational combination of the two
theories, but not a physical unification. Therefore, difficul-
ties arise when fundamental problems are considered. Today,
problems such as the interference of a single photon [1], the
quantum entanglement and nonlocal correlation [2, 3], the ori-
gin of mass [4, 5], the creation of particles [6], the confine-
ment of quarks [7], the origin and evolution of the universe
[8], the nature of dark matter and dark energy [9, 10], the
Hawking radiation of black holes [11, 12], the nature of space
and time [8, 13], the relation between the four fundamental
interactions and the unification of the theory of gravity and
the quantum mechanics [14, 15] etc., are all calling for the
investigation of the true foundation of the existing theories.
On the other hand, people have long thought that the most
fundamental problems of physics may all be related to the
quantum vacuum. It is believed that vacuum will be an en-
trance to the complete understanding of the physical world
and to the ultimate unification of the physical theories.
One of the fundamental problems is: “What are the funda-
mental elements of the physical world?” Today, there are too
many members of fundamental particles we have discovered,
so they are not truly fundamental. Some scientists suggest that
strings or quantum loops may be the fundamental ones. But
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still, there are too many types of strings or loops in their the-
ories, and we may ask further that: “What are those strings or
loops composed of?” In principle, the fundamental elements
of the world must be simple in characteristic and minimal in
type, just as the binary numbers “0” and “1” can form every
type of information in computer science. The ancient Chi-
nese philosophy and the modern quantum theory may give us
revelation. In Chinese Taoism, Tao produces Yuanqi (original
energy) and Yuanqi is divided into Yin (the dark or negative
side) and Yang (the light or positive side). Yin and Yang are
opposite and mutually complementary, and the balance or har-
mony of Yin and Yang forms the essence of everything [16].
In modern quantum theory of field, particles are regarded as
states excited from the vacuum, that is to say, particles and an-
tiparticles can be excited or created from the quantum vacuum
under certain condition. The idea was first proposed by Dirac
in 1928 and 1930. In his papers, vacuum was regarded as a
“negative energy sea”, from which electron could be excited
and antielectron could be formed[17]. The predicted antielec-
tron was discovered soon by Anderson in 1932 [18]. After
then, many antiparticles were found in succession. The fact
leads to the thought that all the matters may be originated from
vacuum and vacuum may be composed fundamentally of two
opposite elements. It means that vacuum is not just an empty
void, but a special physical existence — this has been veri-
fied to be true. In 1948, Casimir proposed that the zero point
fluctuation of vacuum can be measured through an attractive
effect [19], which was examined experimentally by Lamore-
aux in 1997 [20]. Also, there are other phenomena that show
the non-empty property of the vacuum, among which are the
electron anomalous magnetic moment and Lamb shift [21],
the light polarization rotation in vacuum in the presence of a
transverse magnetic field [22], etc.
A second fundamental problem is: “What is gravitation?
Can gravitation be interpreted on a more fundamental basis
and thus be unified with other fundamental forces?” Early in
1920, Einstein [23] stated that “according to the general the-
ory of relativity space is endowed with physical qualities; in
this sense, therefore, there exists an ether.” In 1920, Eddington
[24] proposed that the space could be regarded as a special op-
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tical medium whose refractive index varies with the distance
to the gravitational matter and that the deflection of light in a
gravitational field could be interpreted as an effect of refrac-
tion in a flat spacetime. This view of gravitational space was
developed later by Wilson [25], Dicke [26], Felice [27], Nandi
et al.[28, 29, 30]. Recently, this way in treating the gravita-
tional force has been investigated further by Puthoff [31, 32],
Vlokh [33], etc [34]. In their view, the ether or space stated
above is just related to the quantum vacuum, and through the
study of which, a true understanding of the gravitation would
be acquired.
Besides the above, there are other fundamental problems
such as “What is inertia?”, “What is mass”, etc., being consid-
ered to be related to the quantum vacuum [35, 36, 37, 38, 39].
So it is reasonable to say that vacuum is a key to the under-
standing of nature!
The purpose of this paper is to find out the deep relationship
between matter and vacuum, and to quest for the same physi-
cal basis of the theory of relativity and the quantum mechan-
ics. To reach this aim, three postulates of vacuum fluctuation
will be proposed first, which are quite simple and natural.
II. BASIC POSTULATES OF VACUUM FLUCTUATION
A. Postulate 1: Matter is a buildup of vacuum fluctuational
particles
There are three questions associated with this postulate:
(1) What is a vacuum fluctuational particle?
A vacuum fluctuational particle (it will be called a “vacu-
flucton” bellow for short) is a most fundamental particle ex-
cited from the quantum vacuum. Basically, there are two types
of vacufluctons: if we call one “positive vacuflucton”, then
the other “negative vacuflucton” — each is the counterpart of
the other (Fig.1). Vacufluctons are not fixed. They randomly
emerge from and vanish into the vacuum.
In Fig. 1, the horizontal line represents the vacuum, if
“” represents a positive vacuflucton, then “” a negative
vacuflucton. When such a pair of positive-negative vacufluc-
tons forms, there is an orientational motion of the matter in
space by a mechanism of the vacufluctons vanishing here and
emerging there; whereas a single type of vacufluctons could
only have a random change of places, with no orientational
motion formed.
It is necessary to point out that the “vacuum fluctuation”
discussed here is different to the commonly said “zero-point
fluctuation of the vacuum”. The properties that there are two
opposite types of vacufluctons (“positive” and “negative”) and
that the vacufluctons can randomly “emerge from and van-
FIG. 2: A group of vacufluctons form a “fundamental particle”.
ish into the vacuum” indicate that the “vacuum fluctuation”
discussed here is somewhat like the “vacuum polarization”,
“vacuum excitation”, or “vacuum vibration”. But still, they
are different concepts — when we say “vacuum fluctuational
particles” or “vacufluctons”, we are investigating the more mi-
croscopic composition of matter and stressing its “growth and
decline” or “eat and flow” relationship with vacuum.
(2) What is a “fundamental particle” composed of?
A commonly said “fundamental particle” such as a pho-
ton, an electron and others is composed of a large number
of (that is, a group of) vacufluctons. Because of the random
emerging and vanishing of the vacufluctons themselves, such
a composition is quite complicated. Fig. 2 shows a simplified
construction of a “fundamental particle”.
In Fig. 2, the a unpaired vacufluctons represent the rest mat-
ter. When they are added with 2n positive-negative paired
vacufluctons, the whole group of vacufluctons correspond-
ing to the moving matter then have an orientational motion in
space at velocity υ. Hence, the total number of vacufluctons
within a matter particle can be expressed generally as
Q = a + 2n. (1)
Since the relativity of motion, the vacufluctons are also rel-
ative. That is, a certain number of vacufluctons observed in a
reference frame may have a different number of vacufluctons
in other frames. But in one frame, the total number of vacu-
fluctons of an isolated system (containing particles 1, 2, ..., i,
...) is invariable, that is
d
∑
Qi = 0. (2)
(3) What is the mass of a particle?
The mass of a particle reflects the quantity of matter. There-
fore, the mass of a particle is directly proportional to the total
number of vacufluctons it contains
m = k1Q, (3)
where k1 is a constant.
B. Postulate 2: The orientational motion of a group of
vacufluctons forms the momentum of a particle
Because the orientational motion of a group of vacufluctons
relies on the pairs of positive-negative vacufluctons, the mo-
mentum of a particle is then determined by the possibility of
positive-negative pairing. It is postulated that
~p = m~υ = k2
~√(a + n)n, (4)
3FIG. 3: The random pairing of positive-negative vacufluctons.
where k2 is also a constant. The total possibility of random
pairing of positive-negative vacufluctons is figured out as (a+
n)n. For instance, in Fig. 3, each negative vacuflucton can be
the partner of a + n positive vacufluctons; therefore the total
number of possible partnership is (a + n)n.
Because of the relativity of vacufluctons, the momentum of
a particle is also relative. While in a certain frame of refer-
ence, the total momentum of an isolated system is conserved:
d
∑
~pi = 0. (5)
C. Postulate 3: The frequency of fluctuation is proportional to
the number of vacufluctons
Each fluctuation, that is, each emerging and vanishing of
a vacuflucton, is an interaction or a vibration between mat-
ter and vacuum. Therefore, the frequency of fluctuation of
the group of vacufluctons is directly proportional to the total
number of vacufluctons:
ν = k3Q, (6)
where k3 is another constant.
III. DEDUCTIONS OF THE PREMISES OF THE
RELATIVITY AND THE QUANTUM MECHANICS
A. Velocity limit of a moving particle
Eq. (4) gives mυ = k2
√(a + n)n. Substituting Eqs. (1) and
(3) yields
υ =
k2
k1
√(a + n)n
a + 2n . (7)
Through this relation, the condition of velocity limit can be
obtained as a/n = 0, or a = 0, or n = ∞. Then the maximum
velocity of a moving particle will be
υmax =
k2
k1
√(0 + n)n
0 + 2n =
k2
2k1
. (8)
It shows that a particle of zero rest mass moves at a maxi-
mum velocity of k2/2k1, which is a uniform constant no matter
which reference frame is selected. And we know that a photon
just satisfies this property. Therefore the velocity c of a photon
in vacuum is the velocity limit for any moving particle:
υmax =
k2
2k1
= c. (9)
This deduction corresponds to the basic premise of the spe-
cial theory of relativity.
B. Energy-frequency relation
Eqs. (4) and (9) give
~p = m~υ = 2ck1
~√(a + n)n. (10)
Through the definitions of force ~F = d~p/dt, work dW =
~F • d~s, and kinetic energy dEk = dW, we get
dEk = (d~p) • ~υ = υ · dp. (11)
Substituting Eqs. (7), (9) and (10) into the above gives
dEk = 2c
√(a + n)n
a + 2n
· d[2ck1
√
(a + n)n]. (12)
For a moving particle, a is a fixed number, while n is a
variable. Thus we get dEk = c2d(k1 · 2n), or dEk = c2d[k1 ·
(a + 2n)]. Associating this with Eqs. (1) and (3) gives
dEk = c2dm. (13)
Then, through the integration
Ek =
∫ m
m0
c2dm, (14)
we get Ek = mc2 − m0c2, or E = E0 + Ek = m0c2 + Ek = mc2,
where m0 is the rest mass, E0 = m0c2 is the rest energy. So
there is the mass-energy relation
E = mc2. (15)
Associating Eqs. (3), (6)and (15) gives
E = (k1k3 c
2)ν. (16)
According to the law of blackbody radiation, the constant
here is just the Planck constant h:
(k1k3 c
2) = h. (17)
Then we have the energy-frequency relation
E = hν. (18)
4C. de Broglie wavelength expression
Through Eqs. (11), (13) and (15) we know that the velocity
of a moving particle is υ = dE/dp. In the view of wave mo-
tion, it is the group velocity of the vacufluctons of the particle.
Considering
υ =
dE
dp =
d(hν)
dp =
dω
d( 2πph )
, (19)
and the general expression of group velocity
υ =
dω
dk , (20)
we have
2πp
h = k =
2π
λ
. (21)
Thus we get
λ =
h
p
. (22)
It is just the de Broglie wavelength expression.
The above two deductions, that is, the relations of energy-
frequency and momentum-wavelength, show the wave-
particle duality of any matter particles, which is the basic
premise of the quantum mechanics. And we find that the two
properties, that is, the wave property (ν, λ) and the particle
property (E, p) , are connected through the Planck constant:
E/ν = h, pλ = h. As a matter of fact, the Planck constant
characterizes the generality and unity of vacuum fluctuation.
We can see this from the the value of the Planck constant. Eqs.
(9) and (17) give the relation h = k22/4k1k3. So the Planck con-
stant h is an integration of the three constants k1, k2 and k3 of
the vacuum fluctuation.
IV. APPLICATIONS
A. Compton effect
First, consider the numbers of vacufluctons before and after
the interaction between the photon and electron (Fig.4). Ac-
cording to Postulate 1, the total number of vacufluctons of the
system is conserved:
2n + a = 2n′ + (a + 2n′′), (23)
where 2n and 2n′ are the numbers of vacufluctons of the pho-
ton before and after the interaction respectively, a and a+ 2n′′
are those of the electron. Then we have
n = n′ + n′′. (24)
Second, consider the momentum of the system before and
after the interaction. According to Eq.(4), the momentum ra-
tio between the photon before the interaction, the photon and
FIG. 4: Conservation of matter in Compton effect.
FIG. 5: Conservation of momentum in Compton effect.
the electron after the interaction is n : n′ :
√(a + n′′)n′′. Fig.5
shows this relation of the three momenta. Then, according
to Postulate 2, the momentum of the system is conserved, we
have
~n = ~n′ +
~√(a + n′′)n′′. (25)
Associating Eqs.(24) and (25) gives
1
n′
− 1
n
=
2(1 − cos θ)
a
, (26)
where θ is the scattering angle, a = me0/k1, me0 is the rest
mass of the electron.
Now, consider the change of the wavelength of the photon:
Using Eq.(10), the de Broglie wavelength can be expressed
as
λ =
h
2ck1
· 1√(a + n)n . (27)
For a photon, a = 0, we have
λ =
h
2ck1
· 1
n
. (28)
So the Compton shift △λ is
△λ = λ′ − λ = h
2ck1
( 1
n′
− 1
n
), (29)
where λ and λ′ are the wavelengths of the incident photon and
of the scattered photon respectively.
Associating Eqs.(26), (29) and the relation a = me0/k1 gives
△λ = h
me0c
(1 − cos θ). (30)
5FIG. 6: The annihilation of an electron-positron pair.
B. Creation and annihilation of electron-positron pairs
The idea of vacufluctons will provide us a simple de-
scription of the creation and annihilation of electron-positron
pairs. To illustrate this, we will discuss the annihilation of an
electron-positron pair below. For simplicity, here we assume
that the electron and the positron are both at rest initially. The
conservation of matter and momentum gives
a + a = 2n1 + 2n2,
0 = ~n1 + ~n2. (31)
We get
~n1 = −~n2,
2n1 = 2n2 = a. (32)
That is, the electron-positron pair will change symmetri-
cally into a pair of photons moving towards two opposite di-
rections. Fig.6 shows a simplified description of this annihila-
tion.
V. FURTHER DEDUCTIONS OF THE SPECIAL THEORY
OF RELATIVITY
Compared with the usual method, the calculation of the
Compton shift and the electron-positron annihilation here is
simple, which needs no use of the relations E = mc2 and
m = m0/
√
1 − υ2/c2. In fact, these and some other relations
given by the special theory of relativity have already been em-
bodied in the postulates of vacuum fluctuation. To illustrate
this, the paper below will give the further deductions of the ba-
sic conclusions of the special theory of relativity, based only
on the three postulates and their deductions given in Section
3.
A. Mass-velocity relation
Eqs. (7) and (9) give the velocity of a matter particle
υ = 2c
√(a + n)n
a + 2n
, (33)
where a vacufluctons form the rest mass of a moving particle
m0 = k1 · a, (34)
and 2n vacufluctons form the increment of mass
△m = k1 · 2n. (35)
The total mass is
m = k1 · (a + 2n) = k1 · Q. (36)
Combining Eqs. (33), (34) and (36), we obtain the mass-
velocity relation
m =
m0√
1 − υ2
c2
. (37)
B. Mass-energy relation
Substituting Eqs. (6), (3) and (17) into Eq. (18) gives the
mass-energy relation
E = mc2. (38)
In fact, this relation can be directly deduced from the idea
of vacufluctons, as shown in Eqs. (10) to (15).
If n = 0, we have the rest energy
E0 = m0c2. (39)
Through Eqs. (2), (3) and (38) we get
d
∑
Ei = 0. (40)
It is just the conservation law of energy. In fact, the energy
of matter is a sum of fluctuation energy of all the vacufluctons.
And in average, there is no difference between the fluctuation
energy of each vacuflucton. Therefore, the energy of matter
must be directly proportional to its total number of vacufluc-
tons. Thus the conservation of vacufluctons of an isolated sys-
tem certainly leads to the conservation of energy.
C. Energy-momentum relation
Substituting Eqs. (36), (34) into Eqs. (38), (39) gives
E = k1(a + 2n)c2, (41)
and
E0 = k1ac2. (42)
Then we have
E2 − E20 = [2ck1
√
(a + n)n]2c2. (43)
Combining this with Eq. (10) gives the energy-momentum
relation
E2 = p2c2 + E20. (44)
6D. Time dilation
Eqs. (18) and (22) give the phase velocity of a matter wave
Vϕ = λν =
h
p
· Eh =
E
p
=
mc2
mVg
, (45)
where Vg is the group velocity of the vacufluctons, i.e., the
velocity υ of the matter particle.
Then we have
VϕVg = c2. (46)
Generally we have Vg 6 c, so there is Vϕ > c.
The difference between the phase velocity and group ve-
locity indicates that there is a phase shift within the group of
vacufluctons. Assuming that this internal shift has a frequency
of νin, we have
νin =
Vϕ − Vg
λ
= ν
Vϕ − Vg
λν
= ν(1 − Vg
Vϕ
). (47)
Associating Eqs. (33), (46) and (47) gives
νin = ν · [(a + 2n2 )
2 − (a + n)n]/(a + 2n
2
)2
= ν · (a
2
)2/(a + 2n
2
)2. (48)
The physical meaning of the above equation is clear. In the
equation, ν is the fluctuation frequency of the whole group
of vacufluctons, and [(a + 2n)/2]2 is the number of possible
positive-negative pairing in the ideal case as that of a photon
(that is, the number of positive vacufluctons is just equal to
that of negative vacufluctons, and the number of possible pair-
ing reaches a maximum), while the actual number of possible
pairing is (a + n)n, and (a/2)2 is the difference between these
two. Obviously, in order to get the whole group of vacufluc-
tons moving ahead at the same velocity, it is needed to change
the positive-negative partnership between each other. It will
therefore cause a phase shift within the group. That is, there
will be an internal frequency of νin, which can be a natural
clock of the matter.
Substituting Eqs. (1) and (6) into Eq. (48) yields
νin = k3a ·
a
a + 2n
. (49)
The rest internal frequency of this vacuflucton group (i.e.,
n = 0) is
νin0 = k3a. (50)
Then we have
νin = νin0 ·
a
a + 2n
= νin0 ·
m0
m
= νin0
√
1 − υ
2
c2
. (51)
It indicates that a moving clock runs slower than an identi-
cal stationary clock. Considering the relation T = 1/ν, where
FIG. 7: Measuring the length of an object with a photon.
T denotes the periodic time, then we have T = T0/
√
1 − υ2
c2
,
which indicates that there is a time dilation effect
△ t = △t0/
√
1 − υ
2
c2
. (52)
This effect can also be deduced through the Lorentz trans-
formation. But here, through the investigation of the internal
periodicity of the vacuflucton group, we get a more compre-
hensible view of the time dilation effect.
E. Length contraction
According to Eq. (33), a photon (a = 0) moves in vacuum
at a constant velocity of c, no matter which frame of reference
is selected. So we can choose a photon as a uniform tool to
measure the length of an object in different reference frames.
In Fig. 7, a rod AB is at rest in the frame S ′, which is mov-
ing at velocity υ relative to the frame S . A photon moves
from A to B and returns to A. The time interval of this event
measured in S ′ is
△ t0 =
2L0
c
, (53)
where L0 is the length of the rod measured in S ′.
Since points A and B are both moving at velocity υ relative
to S , so when observed in frame S , the photon moves a length
of L+υ△tAB = c△tAB from A to B, and a length of L−υ△tBA =
c △ tBA back to A. Thus we get
△ tAB =
L
c − υ ,
△tBA =
L
c + υ
, (54)
where L is the length of the rod measured in S .
Therefore, the time interval of the event measured in S is
△ t = △tAB + △tBA =
2L
(c2 − υ2)/c . (55)
Through Eqs. (53) and (55) we get
△t
△t0
=
L
L0
· 1
1 − υ2/c2 . (56)
Substituting Eq. (52) into the above equation gives
L = L0
√
1 − υ
2
c2
. (57)
It is just the length contraction of a moving object.
7VI. TESTING THE POSTULATES AND DETERMINING
THE CONSTANTS
Eq.(28) gives the wavelength of a photon as: λ = h/2nck1.
Here we know that the product of the number of positive-
negative paired vacufluctons of a photon and the wavelength
of the photon is a constant, i.e., 2nλ = h/ck1. Usually, the
number 2n is extremely large, so the wavelengths can almost
form a continuous spectrum. However, under the condition of
extremely low frequency, the discreteness of the electromag-
netic spectrum may be observed ultimately. In such a case,
every two wavelengths will be a ratio of two not-too-large in-
tegers, that is, λ1/λ2 = n2/n1. If such a relation is discov-
ered in experiments, the postulates of vacufluctons can then
be proved to be true.
Also, through the analysis of the data collected in such ex-
periments, we will finally find the definite relation between
λ and n. Then we could find out the value of constant k1,
and figure out the constants k2 and k3 through the relations
k2/2k1 = c and c2k1/k3 = h.
Considering that the frequency of the lowest electromag-
netic waves people have already detected is on the order of the
10−3 Hz [40], as an upper estimate, we have k1 = h/2nλc =
hν/2nc2 < hν/2c2 = 3.68×10−54kg. It is already an extremely
small mass — a mass 23 orders smaller than that of the elec-
tron.
VII. CONCLUSIONS
The three postulates of vacuum fluctuation proposed in this
paper provide an insight into the relationship between matter
and vacuum. Vacuum is not just a place where particles stay
and move; as a matter of fact, vacuum is the origin of all mat-
ter, motion and evolution. Therefore, the photon, electron and
other matter particles could be unified at the level of vacuum
fluctuational particles, or as we called, vacufluctons.
In Einstein’s theory of relativity, it is just an assumption that
the velocity of light in vacuum is a constant and is the limit of
all the moving particles. While in this paper, it can be deduced
naturally from the postulates of vacuum fluctuation.
In the view of vacuum fluctuation, the Planck constant can
be understood more profoundly. The value of the Planck con-
stant is determined by the constants k1, k2 and k3, that is,
h = k22/4k1k3. And the essential of the Planck constant is that
it characterizes the generality and unity of vacuum fluctua-
tion. Relatedly, the randomicity and periodicity of the fluc-
tuation of vacufluctons form the intrinsic characteristics of
matter, leading to the so puzzling properties of uncertainty
and wave-particle duality. The convenient deduction of the
energy-frequency relation and the de Broglie wavelength ex-
pression from the postulates of vacufluctons shows the ratio-
nality of the ideas.
The simple calculation of the Compton shift and the
electron-positron annihilation also shows the power of the
three postulates. To illustrate this simplicity, the basic conclu-
sions of the special theory of relativity such as the relations
of mass-velocity, mass-energy, energy-momentum, time dila-
tion and length contraction are further deduced. It is not that
strange to see all the results being fully in agreement with that
obtained through the Einstein’s theory of relativity, because
the basic premise of the special theory of relativity, that is, the
constant velocity of light in vacuum, is just one of the deduc-
tions of the postulates of vacuum fluctuation.
In conclusion, it is suggested that the same physical basis
of the theory of relativity and the quantum mechanics will be
found through the investigation of vacuum fluctuation. Ac-
tually, a great many of results can be naturally deduced from
the basic postulates of vacuum fluctuation. Furthermore, the
investigation of vacuum fluctuation will open up a new way to
deal with the inexplicable problems in physics today. In brief,
it promises an approach to the unification of physical theories.
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